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Tuls paper is intended to present-with some general pref-
atory remarks-an outline of the qualities and origin, or method
of production, of the most important gases used in the arts, etc .
The subject is a wide one, and for at all detailed treatment of
its various subdivisions a volume, or even volumes, would be re-
quired . This treatment must, therefore, be brief . It is made
as non-technical as compatible with clear understanding . Suffi-
cient figures and descriptions of apparatus are given, however,
to illustrate the chief demands of the art and the methods of
meeting them . The particular designs of apparatus that are
used for the production of each of the various gases are exceed-
ingly numerous, and the quality of gas yielded is apt to vary
somewhat according to this particular design, or even its method
of operation ; the illustrations chosen will, however, pretty
accurately represent the general subject .
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It is probable that nothing will be given which is new to those
having even a fair acquaintance with the gas business . To others
who are not thus familiar, however, it is hoped to present an out-
line of the general subject which, because of its brevity, scope,
and simplicity of treatment, will be easily read and of interest .

The special merits of gaseous fuel, which indicate the ad-
vantages obtained by the gasification of solid-and to some extent
even liquid-fuels, are the following . It is easily transportable
and capable of subdivision and use in even the smallest quantity .
It is quickly combustible, and its flame, and consequently heat of
combustion, capable of concentration . Undesirable impurities,
which are incapable of removal from the solid or liquid fuels,
can be purified out from their cooled gases, which in many proc-
esses is of great importance . It is easily combustible without
smoke production . It is also possible to form from a solid or
liquid fuel a gas having a greater heat of combustion, and con-
sequently higher flame temperature, than the solid or liquid
elements from which it is produced ; a very notable instance
of this is acetylene (C2 H2 ), hereafter referred to, whose com-
bustion yields a much greater heat, and a correspondingly higher
flame temperature, than is yielded by its constituents (C and H)
when burned in their elementary, or uncombined, state.

The gasification of solid fuels in a central gas plant, and the
distribution of the gas for divided uses, offer enormous ad-
vantage. In the case, for instance, of domestic appliances for
burning solid fuels, the combustion of this fuel is, in general,
imperfect, and probably exceedingly so ; also, because of the
slowness of putting solid fuel fires into and out of operation,
and the difficulty of limiting combustion when heat is either not
required or required only to small extent, produces a further
very serious waste of fuel ; in addition to this, the labor of
handling the fuel and the ash and managing furnaces is great .
On the other hand, in the central station gas works apparatus is
operated continuously, and with maximum efficiency of heat
consumption and minimum cost for labor ; the gas is delivered to
the consumer exactly when and in such quantity as he desires,
and its consumption is begun and terminated instantaneously
when required, its combustion is perfect, the heat is utilized with
a maximum of efficiency, and the labor of controlling the gas-
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Gas

Carbon (to CO)	
Carbon (to COs)	
Carbonic oxide	
Hydrogen	

Hydrocarbon gases .
Methane	CH,
Ethane	C2H,Ethylene	CdH,
Acetylene	C'H'

Hydrocarbon vapors
Benzene	Toluene	Xylene	
Naphthalene	

All weights per cubic foot are for the gases under 30 inches
barometric pressure and at 60 0 F. temperature .

The product of perfect combustion of carbon is C0 2 , and of
hydrogen is H2 O vapor .

The weights per cubic foot of the products of combustion
and their elements are as follows : CO2 , . 1164 pound ; H¢O

Symbol

C
C
CO
Hz

CsH,
C,H,
C'H' .Cull.

Weightper cubic
footylhs.

07407
.00530

Per cubic
foot .

4350
14.544
4368

61523

end .

.3932.393

5 .77 rx1 .5412 .471
34.624

17.31216 .156
14836
13.313

13 .313
13 .547
13 .70012 .984

3

consuming appliance is almost nothing . The rapid advancement
of the use of gas for domestic fuel testifies to this, and it is a
probability of the future that the domestic gas-heating appliance
will displace the coal-burning appliance, except possibly in cases
of very large scale fuel consumption .

PROPERTIES OF THE INDIVIDUAL GASES CONSTITUTING, IN
MIXTURE, THE INDUSTRIAL COMBUSTIBLE GASES .

The following table and appended notes give the essential
properties of the various elementary combustible gases which,
mixed in various proportions with each other and with incom-
bustible diluting gases, constitute the various industrial com-
bustible gases . The list of hydrocarbon gases and vapors is
not complete-the number existing being very large-but those
given are the ones of practical importance .

TABLE I

Air required for com-
bustion.

Cubic foot Poundsof air . Per of air . Per
cubicfoot

	

pound .
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vapor, .0476 pound ; nitrogen, .0743 pound ; oxygen, .0846
pound .

Dry air weighs .07658 pound per cubic foot ; it consists of
20.9 per cent. oxygen and 79 .1 per cent . nitrogen by volume, and
of 23 .13 per cent oxygen and 76.8,7 per cent nitrogen by weight .

The following is a brief statement of some additional facts
concerning the foregoing individual gases, and their origin or
formation, which are of importance in connection with our
subject .

The combustible elements in all these gases are, of course,
only two-carbon and hydrogen-the only ones available and
recognized in practice as fuels . Carbon exists in combustible
gaseous form in the hydrocarbons and also in CO, the product
of its incomplete combustion with oxygen . Hydrogen exists in
the hydrocarbons, and is also obtained, for the production of
gas, by the decomposition of water .

Hydrocarbons .
The hydrocarbons are of much importance . The luminosity

of luminous gas flames is entirely due to them . Also, they con-
tribute largely to the heating power of many gases ; for instance
(see analyses), ordinary carburetted water gas and coal gas
derive more than one-half of their total heating power from
them . They are, of course, the sole source of production of
the pure oil gases .

The hydrocarbons are divided, it will be observed, into two
groups-gases and vapors. The gases are not condensable at
atmospheric pressure nor at any existing atmospheric tempera-
ture, and consequently each one is capable of being distributed
and utilized, unmixed with other gases if desired, in the gaseous
form . The vapors, however, at ordinary atmospheric tempera-
tures have a pressure less-and, in the case of those of great
molecular weight, very much less-than that of the atmosphere,
and consequently would be condensed to the liquid form if sub-
jected to atmospheric pressure ; therefore, in order that they
may be transported in their vaporous form they must be mixed
with one or more of the permanent gases, which shall serve as
a " carrier ." It will be observed that the vapors have far the
greatest weight of molecule and weight per cubic foot, their
vapor pressure, which is a measure of their ability to retain the
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vaporous form under pressure, in general -decreasing as the
weight of molecule increases . Both gases and vapors have, as
shown by Table I, high heating power per cubic foot .

As to the natural sources and artificial methods of produc-
tion of these hydrocarbon gases and vapors, the essential facts
are these :

Certain of them are, or have been, formed by natural proc-
esses, and are thus available to us. The only instance of practical
importance in connection with our subject, however, is natural
gas, which is composed very largely, or almost entirely, of
methane (CH,) .

Certain of them are capable of artificial production or manu-
facture. The number which can be formed on a laboratory scale
is large, and with the rapid development of synthetic chemistry
practical processes will probably increase . A number of them
are known to be produced in very small percentage directly from
their elements, carbon and hydrogen, by the contact of these
elements at high temperatures, which occurs, for instance, in
the destructive distillation of coal in the coal gas processes, and
in the manufacture of producer gas and water gas. Also, there
exist some patented processes for the production of methane
(CH,,), on a commercial scale, from uncarburetted water gas,
and by means of the catalytic action of nickel, etc., we are not
aware that such artificial production of CH, has yet been com-
mercially effected, however . The one practically important case
of artificial production of these hydrocarbons is acetylene
(C_,H2 ) .

The most important source of these hydrocarbon gases and
vapors is their production, in the manufacture of artificial gas,
from oil, the volatile portion of wood, and the volatile portion
of bituminous coals, by the process of " destructive distillation ."
In this process the foregoing materials are subjected to the
action of heat to either vaporize the liquid, in . the case of oil, or
volatilize the volatile portion of the material if a solid . If the
materials are subjected to only a sufficient degree of heat to
produce this vaporization, the distilled products will be, in great
part, merely heavy vapors, and upon being subjected to atmos-
pheric temperature and pressure will recondense to the liquid
form, and they are, therefore, incapable of distribution as gas .
These vapors are, therefore, after distillation subjected to a
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still higher degree , of heat . Under this treatment there is a
chemical change produced . In this transformation there is, in
general, a reduction of the molecular weight of the vapors, some
free carbon being thrown down (lampblack or soot) and some
free hydrogen liberated, and the resulting gas will be a mixture
of free hydrogen, permanent hydrocarbon gases, and small per-
centages of various vapors which are carried by the permanent
gases ; this mixture is capable of distribution . If the degree of
heat to which the original vapors are subjected in this process
of destructive distillation were very high, they would be com-
pletely decomposed into their constituents, carbon and hydrogen :
for the production of a gas of both good luminosity and good
heating power, from oil or coal, the original distilled vapors are
made to attain a temperature of about 13oo° F. to 1400° F.

Carbon Monoxide.
When oxygen unites with carbon in combustion two prod-

ucts may, and in general will, he produced-carbon monoxide
(CO) and carbon dioxide (CO,) . CO2 is the product of com-
plete combustion and is itself, of course, incombustible . Carbon
monoxide is the product of incomplete or partial combustion,
and is itself a combustible gas, as will be seen by the above table.
The two reactions are as follows :

O2+ C= CO,
Os + 2C=2CO

The relative proportions in which CO and CO2 will be
formed are dependent upon the pressure and temperature at
which combustion takes place and the length of time of contact
of the air, and gases formed with the carbon ; since in general
gas manufacturing operations the pressure is sensibly that of the
atmosphere, the temperature and time of contact are the con-
trolling conditions . The quantity of CO produced will increase,
and the quantity of CO 2 produced will consequently decrease,
as the temperature is increased or velocity of flow decreased .
Special experiments show that with exceedingly slow rate of
flow, and a fuel (carbon) temperature of about i9oo° F ., practi-
cally only CO is formed ; the CO 2 in the gas being only about
one-half of i per cent . ; with dry carbon and dry air supplied at
6o° F . . however, the heat of formation of the CO will be suffi-
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cient to produce an actual temperature of off-going gas of about
22 ;0° F., and a somewhat higher maximum temperature of fuel .
(For further remarks on practical conditions see Producer Gas.)

Hydrogen .
As stated above, in gas manufacture hydrogen is produced

from the decomposition of hydrocarbons. Another source fully
as important is the decomposition of water vapor by its contact
with a hot " reducing " agent. In the manufacture of combus-
tion gases this reducing agent is, very generally, incandescent
carbon (coal or coke) . The oxygen taken from the water vapor
and uniting with the carbon may, as shown in the above case of
carbon monoxide production, form either carbon monoxide or
carbon dioxide . All reactions are shown by the following
f ornmlhe :

MO +C=CO + H,
211,0 + C=CO, + 2H,

The percentage of the total steam supply which will be de-
composed and the respective percentages of CO and CO 2 which
will be formed are, as in the foregoing production of CO, de-
pendent upon the pressure and the temperature, at which the
reaction takes place and the length of time of contact, the per-
centages of steam decomposed and of CO formed increasing
with increasing temperature of reaction and time of contact .

In a quiescent state of steam and gas, or with so slow flow
as to approximate this, special experiments show that a fuel
bed temperature of I9oo° F . is sufficient to decompose practically
all the water vapor supplied and produce only the CO . In practi-
cal work the fuel bed is operated at a much higher temperature
than this in order to permit the effecting of these chemical
changes at the high velocities of steam and gas actually enI-
ployed ; also, in pure water gas manufacture (see " Water Gas "
following) the heat necessary for these reactions must all be
stored in the fire by preliminary heating . Owing to the velocity
and gradual dilution of the steam, a very considerable percentage
of it will remain undecomposed, and there will also be some CO 2
formed, even at the high temperatures employed in practical
work .

It is scarcely necessary to call attention to the fact that,
VOL. CLXXVI, No . :o5I-2
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since this decomposition of water vapor is the inverse of com-
bustion of hydrogen, it is a heat-absorbing process . If, as is
always the practical case, water vapor (steam) is supplied to
the hot carbon, the heat required to liberate I pound of hydrogen
(by decomposition of 9 pounds water vapor) will not be the
61,523 B.T.U.'s indicated by Table I, which figure includes the
latent heat obtained in the condensation of the H 2O vapor to
the liquid form ; it will be only about 52,000 B.T.U.'s . From
this figure and that for the heat of formation of CO in Table I,
an easy calculation shows that (assuming only CO formed) for
each I pound of water vapor actually decomposed, two-thirds of
a pound of carbon is carried away from the fuel bed in the CO of
the resulting ,gas. The decomposition of the I pound water
vapor will absorb about 5780 B.T.U.'s, the combustion of the
two-third pound carbon to CO will develop about 2900 B.T.U.'s,
or there will be a net absorption, with consequent cooling effect,
of about 2880 B.T.U.'s ; to this cooling effect must be added the
heat absorption necessary to raise the temperature of the total
resulting gas (CO and H2 ) and any undecomposed steam to the
temperature of its discharge from the fire, which will vary some-
what according to method of operation .

VARIOUS INDUSTRIAL GASES : THEIR QUALITIES AND MATERIALS
EMPLOYED FOR MANUFACTURE OF ARTIFICIAL GASES.

In the following are given tables of analyses, which, with
their appended text, give the kinds and volume percentages of
the various foregoing elementary gases which, in simple mixture,
constitute various industrial gases, the properties,-illuminating
power, calorific power, flame temperature, etc.,-of these indus-
trial gases, and their suitability for various uses ; also, in the case
of artificial gases, the materials from which they are produced .

The gases are good representatives of the products formed
by the various methods outlined in remarks under Table I-
destructive distillation, imperfect combustion of carbon by air
with the formation of CO, the decomposition of water vapor
by carbon with liberation of free H 2 and formation of CO, and
combinations of these methods .

Notes.-In the case of the fuel analyses, the " proximate "
analysis is obtained by drying the sample to drive off moisture,
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ANALYSIS No.

ANALYSIS No	r

	

3

	

4

	

5

	

6
Peat .

	

Lignite.

	

Bituminous Coals . Anthracite .

	

Oil .

ProxinralC analysis .
Moisture	35.0

	

35.0

	

1.3
Volatile mattes	42.5

	

s5.1

	

36.7
Pixed carbon	19.0

	

34.7

	

53.5
Ash	 3.5

	

5.2

	

8.5
Sulphur	 1.7

Ulliwale analysis.
Carbon	53.0

	

69.5

	

77.6
Hydrogen	6.o

	

5-0

	

5.0
Nitrogen	1.8

	

1 .5

	

1.5
Sulphur	 1.5

	

1.7
Oxygen	34.0

	

17.0

	

5.7
Ash	 5.2

	

5 .5

	

8.5

TABLE IV.
VARIOUS GASES .

3 .0
17 .9 5.6
75.8 80.5
5 .6 10 .9
1 .2

	

.83

84.

	

B3.7

	

84.9
3 .6

	

1.8

	

13'5
1 .7

	

.7
1.2

	

.9

	

Trace
3 .8

	

1.7

	

xA
5.7

	

11.2

Illuminants	 6.o

	

3.0

	

3.8

	

.4

	

38.1
CO	 17.0

	

18.2

	

8.7

	

5.0

	

.5
Hs	 27.0

	

44.1

	

50.5

	

78.9

	

3.4
CHs	 19.0

	

x5.4

	

28.2

	

11.0

	

57.7
COH	 2.8
COs	 7.0

	

0

	

2.1
Or	 1.0

	

1.3

	

.4
Ns	 3-0

	

5.0

	

3.5

	

3.0
Candle power	 13.0

	

none

	

60.
Calorific power B .T.U .'s	8

	

44:'

	

610.

	

394 •

	

1488•
specific gravity'	 826

	

.596

	

.4a8

	

.a22

	

.881

12

	

13

	

14

	

IS

	

16

Water gas .

	

Producer gas .
Uncarbur- Carbur- Anthra. Bitumi- Natural

etted .

	

cited .

	

cite .

	

noes.

	

Ga. .

9

then distilling to drive off volatile matter, then burning off the
fixed carbon, successive weighings giving the various constit-
uents ; this analysis gives no information as to the quality of

TABLE II.

TYPIcAL GAS MAKING MATERIALS .

Illuminants	 x0.7

	

. . . .

	

.1
CO	 43.5

	

33.4

	

25.0

	

22.0

	

.2
Ha	 47.3

	

38.1

	

14.2

	

10.5
CHI	 7

	

7.6

	

.5

	

2.6

	

97.1 .
C .He	 2.4

	

. . . .

	

.6
C0	 5

	

3.3

	

6.3

	

57
Or	 7

	

.1

	

.4

	

.5
Nr	 4.4

	

3.8

	

53.9

	

58.2

	

2.1
Candle power	 none

	

20.2

	

none

	

none

	

5.0
Calorific power B . T. U.'s	302.

	

602.

	

132.

	

232.

	

982.7
Specific gravity	 559

	

.676

	

.871

	

.889

	

.566

the volatile matter. The ultimate analysis gives accurately the
chemical composition ; the ultimate analysis is, of course, of a
dry sample .

TABLE III .

GASES PRODUCED BY DESTRUCTIVE DISTILLATION .

ANALYSIS No	 8 9 10 11

Bituminous Oil Gas .Peat gas. Lignite gas. coal gas.
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In the case of peat and lignite their respective proximate and
ultimate analyses (Analyses i and 2) and the analyses of the
gases yielded (Analyses 7 and 8) do not relate to identical
samples of these materials, such simultaneous data not being
readily accessible to the writer ; they are all correct, actual
analyses, however, and accurately represent the facts intended
to be brought out ; the sample of lignite yielding the ultimate
analysis shown is of rather unusually good grade .

The bituminous coals (Analyses 3 and 4) will generally, on
being heated and before giving off their volatile matter, " cake "
or melt, and assume a plastic form .

Coke, which is now greatly replacing anthracite, has, in
general, even more fixed carbon and less volatile matter than
anthracite .

In the gas analyses, under " illuminants," are grouped several
different hydrocarbons, chiefly ethylene (C2 1-14), which, as the
name indicates, impart luminosity to the gas flame ; this group
will vary slightly, in different gases, in constituency and calorific
power per cubic foot ; this calorific power will generally be some-
where about 2250 B.T.U.'s per cubic foot .

The distillation gases shown, produced from peat and lignite,
are not commonly manufactured ; neither is the light oil gas
(Analysis No. io), this being a sample of a gas made for balloon
inflation, and which was required to be very light : these analyses
are introduced simply for illustration of principles elsewhere
mentioned .

The following is a brief statement of the qualities necessary
in gases for various uses, and the suitability of the respective
foregoing gases for these uses .

Flame Temperature .
In cases where low temperature work is to be done, high

flame temperature is, of course, not so essential to efficiency of
utilization of heat . In other cases, however, as, for instance,
in the use of gas for illuminating by the Welsbach mantle, the
melting of refractory metals, etc.,-where the effect desired is
obtained only at a high temperature, a very hot flame, or prod-
ucts of combustion, is very necessary for efficiency in utiliza-
tion of heat, since it is only the excess of temperature of the
flame above the physically or chemically necessary point which
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accomplishes any useful work. Recuperation, or heating of air
and gas before combustion by the heat of the waste products of
combustion, can in many cases be practised, and thereby increase
the efficiency of a low flame temperature gas, but in many other
cases, as in the use of gas for illumination or other purposes,
where gas is divided and used in small individual quantities, it
is impracticable ; the gas and air supply must be cold, and con-
sequently the gas must be capable of yielding high flame tem-
perature under this condition .

If a flame be protected from any loss of heat by radiation
or conduction the products must carry away all the heat gener-
ated, and consequently the quantity of heat generated divided
by the quantity of heat necessary to raise the products of com-
bustion one degree in temperature will give the rise of tempera-
ture ; adding to this the temperature of the gas and air before
combustion will give the final flame temperature. This flame
temperature can be approximately calculated : it cannot be
accurately calculated, however, for, although heats of combus-
tion of elements and gases have been accurately experimentally
determined, the heat required to raise the temperature of the
products of combustion one degree (" specific heat ") has not,
though approximately correct information has been obtained .

Even if we possessed the correct foregoing data for the
calculation of flame temperature, however, that which exists in
practice would be less for the following reasons. There is un-
avoidable some loss of heat from a flame, while combustion is in
progress, by radiation and conduction. It is impracticable to
obtain the ideal proportions of air and gas in combustion . There
is also undoubtedly delayed combustion ; in very hot flames the
temperature of dissociation of a portion of the products of com-
bustion is reached, and the combustion will consequently not be
completed until some heat is dissipated .

Below are given the flame temperatures of certain gases,
some determined by direct experiment and others calculated .
The following remarks are made concerning them .

The experimental figures are quoted from a very good
authority who made these determinations, They were made by a
method which avoided the necessity of introducing any pyro-
metric device into the flame, with consequent lowering of
temperature . Although they are commented upon by another
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authority as being possibly somewhat high, they probably repre-
sent nearly the correct facts . As somewhat of a check upon
them, it may be remarked that even with a small Bunsen burner
of good design, consuming ordinary illuminating gas, it is pos-
sible to fuse platinum ; as this temperature appears pretty posi-
tively determined to be over 3200° F ., and as there is also in
such case necessarily the loss of some heat from the flame by
conduction, etc., it seems that in a large flame burned under the
best conditions it should be possible to attain somewhere about
the 3400° given by this experimenter .

The calculated temperatures have been computed by the
writer ; they are, as might be expected for reasons given in
the foregoing, higher than the experimental figures. As to the
important matter of specific heats to be used in making these
calculations, from the writer's information there appears to be
pretty close agreement among authorities in the case of nitrogen,
carbon monoxide and carbon dioxide. In the case of water
vapor we believe there is not such close agreement ; the figures
quoted seem to represent best information until at least recent
date, though still more recent determinations seem to indicate
that the quoted figures are too high . This last, if correct, would,
of course, mean that the calculated temperatures for combustible
containing hydrogen are too low . In connection with this, note
that the calculated and experimental temperatures of hydrogen
agree rather more nearly than is to be expected, though this may
indicate either that the calculated temperature is too low, or else
that the actual combustion of hydrogen is so efficient as to de-
velop more nearly the theoretical temperature than in the case
of carbon. The following are the specific heats assumed by the
writer in making these calculations . (These specific heats are,
of course, for constant pressure, which applies in the case of
flames at atmospheric pressure ; at constant volume,-as in the
case of gas burned in a confined space,-the specific heat will
be much lower, and consequently tend to give higher temperature

4of products of combustion) ,•-
SPECIFIC HEATS AT VARIOUS TEMPERATURES FAHRENHEIT .

3200° 2700° 3000° 3300 ° 3600°

Carbon monoxide (CO)	 . . . . . . . .
Nitrogen (N,)	 2920 .3030 3 2 .3529 3676
Carbon o

	

WOO	 .6660 .6924 .3529 .7676
Water vapor (H.O) :	

a

	

(1
.6660 .6924 .7x88 .7456



In order that the foregoing may have some practical signifi-
cance, the following few temperatures required in certain coin-
mon high temperature industrial operations are quoted from
various authorities ;-

TEMPERATURE AT VARIOUS POINTS OF MANTLE OF WELSEACH LAMP .

The foregoing figures indicate that hydrogen, carbon monox-
ide and the hydrocarbons are all capable of giving very high
flame temperatures, and that consequently the gases of Tables
3 and 4 (coal gas, carburetted and uncarburetted water gas, the
oil gases, etc .) which are composed of them, and this with little
dilution by incombustible gases, are all suitable for high tempera-
ture operations. Producer gas, on the other hand, owing to the
presence of large quantities of incombustible nitrogen and car-
bon dioxide, gives far lower temperature .

A point in connection with this subject which is worthy of a
moment's notice is the following . In Table I are given the actual
heats of combustion of the various hydrocarbons, which hydro-
carbons enter into the composition of some of the commercial
gases given in Tables III and IV . If we calculate the heats of
combustion of the elements (carbon and hydrogen) contained in
these hydrocarbons, and compare them with the actual heats of
combustion of the hydrocarbons themselves as given in Table

Degrees Fahrenheit.

Ordinary lamp	 2200 to 2650
"High pressure" (high gas consumption) lamp	 2400 to 2850
Melting-point, of cast irons	 soon to 2500

" wrought irons	 2700 to 2900
steels	 2200 to 2700. . .. plate	 3007. . ., q)annum	 4000

July, 1913.1

	

INDUSTRIAL COMBUSTIBLE GASES .

FLAME TEMPERATURES .

Q

Substance . Burned
with

Temperature o F .
Expert- Calculated.
mental .

Carbon to COi	 Air 3540
Carbon to CO	 Air 2260
cot. COs	 Air ,67-
Hydrogen	 Air 5o

	

351-
Hydrogen	 Oxygen 400
Illuminating gas	 Air 3400
illuminating gas	 O gen 40n.
Acetylene 4600
Acetylene .

.
.
.

.

.
. Oxygen 7200

Producer gas (Analysis No .14)	 Air
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I, the two will be found to not agree, and this is for the follow-
ing reasons. As is the case in all chemical combination, heat is
evolved in the union of the carbon and hydrogen to produce
these hydrocarbons, and, of course, the molecule will corre-
spondingly resist decomposition into its elements, which de-
composition must take place before combustion can occur ; this
heat absorption in decomposition will, therefore, affect the heat
of combustion as compared with the calculated heat of combus-
tion of the constituent carbon and hydrogen, as just stated .
Methane (CH,) has the highest heat of formation of the hydro-
carbons which we are considering ; its heat of combustion per
cubic foot is (Table I) iooo B.T.U.'s, whereas that of its con-
stituent carbon and hydrogen is just about too B.T.U.'s greater ;
its flame temperature, therefore, must be somewhat lower than
that of its elements. This heat of formation of hydrocarbons
is in general low, however . Indeed, in a number it becomes
apparently negative, which means that the work of decomposing
these hydrocarbons for combustion is less than that which would
be required in decomposing the elements (carbon and hydrogen)
in their elementary condition . A very notable and practically
important instance of this is acetylene (C 2H2 ) . The heat of
combustion of one cubic foot of this gas is, from Table I, about
1477 B.T.U.'s, whereas the stun of the heats of combustion of the
two constituents, carbon and hydrogen, is only 125o B .T.U. 's ;
since the products of combustion from the elements and the gas
are identical, the flame temperature of the gas must be much
the higher. This fact accounts for the very high flame tempera-
ture of acetylene shown above, which contributes to its very
high illuminating power, and renders the gas valuable for cer-
tain practical uses, such as the cutting of metals, etc . In con-
nection with this peculiarity, it may be remarked that acetylene
is, primarily, a high temperature product, the calcium carbide
from which acetylene is generated, being itself formed only at
the exceedingly high temperature of the electric arc, and there`
is, therefore, primarily the expenditure of very considerable
energy to effect the ultimate forcing of carbon and hydrogen
into this combination . Acetylene is the only hydrocarbon
which exhibits this negative heat of formation, or endothermic
property, in marked degree, and it is not a component of any
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of the commercial gases shown in Tables TIT and TV in any
measurable quantity .

Luminosity .
In former times light was obtained from only those gases

giving luminous flames ; although this method of obtaining light
from gas is still employed, it becoming largely displaced by the
use of the Welsbach mantle. As is stated in the remarks under
Table I, the luminosity of gas flames is due to the presence in
the gas of hydrocarbons, and these hydrocarbons are generally
obtained only from high-grade bituminous coals and oil ; con-
sequently, for the furnishing of a luminous flame gas we are
considerably restricted in our choice of materials and also
methods of manufacture, which must necessarily mean increased
cost of gas manufacture . With the Welsbach light, on the other
hand, it is only required that the gas shall furnish a high tempera-
ture flame, and, as is shown in the above remarks on flame
temperature, it is easy to manufacture from a very wide range
of fuels gases (for instance, uncarburetted water gas, or a feebly
luminous mixture of uncarburetted water gas and coal gas, or
a low-grade coal gas) which shall have such abundantly high
flame temperature . Hydrocarbons in a gas, as is above shown,
do not necessarily increase the flame temperature, and those
existing in the bulk of the industrial gases are of no more value
for the production of heat or flame temperature than is carbon
in the fixed form in all of the fuels from which can be readily
produced the foregoing satisfactory gases . Furthermore, the
quantity of heat required to furnish a given quantity of illumina-
tion is vastly less with the Welsbach mantle than with the lumi-
nous flame : one candle hour can be obtained with the Welsbach
light with a consumption of from 36 B .T.U .'s with the ordinary
low-pressure light to 2o B .T.U.'s with special, but now very
commonly used, high-pressure lights ; with the luminous flame,
and using the good grade of coal gas shown in Analysis No . 9
of Table IIl, 235 B.T.U.'s will be required to furnish one candle
hour. Incidentally, it may be mentioned that, while these hydro-
carbons thus have in general practical cases no especial value as
heating agents, many of them are of much value for chemical
purposes and can, with profit, be extracted from gas and applied
to these more valuable uses .
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The foregoing facts are tending, and very properly, to lessen
the legal requirements imposed with respect to luminous flame
qualities of commercial gas, and this movement is certain to
continue .

Calorific Power and Weight .

From the above it will be seen that the calorific power of a
gas per cubic foot does not necessarily affect flame temperature
(compare uncarburetted water gas, coal gas, and rich oil gas-
all high flame temperature gases), and is, therefore, not of
importance with respect to the heat efficiency of the gas when
consumed. In the matter of distribution of gas, however, where
expensive pipes and appurtenances and pumping machinery must
be employed, this calorific power, and also the weight or specific
gravity of the gas, have an influence which merits a moment's
attention . Consider, for example. the transportation and dis-
tribution of a given quantity of energy per hour in two gases
which could be produced from bituminous coal, one being pro-
ducer gas, the other being a mixture of coal gas distilled from
this coal, and the uncarburetted water gas which can be made
from its residual coke. Approximately, these gases would have,
respectively, calorific powers as t to 3 and specific gravities as
2 to t . It is evident that the quantity to be transported of the
first gas is at least three times that of the second, which will re-
quire pumping machinery of three times the capacity . Also
(from the law of flow of gas through pipes), with identical
pressure conditions in pipes, the first gas would, because of its
three-fold volume and greater specific gravity, require pipe
capacity (sectional area) about four times that required for the
second gas, and would require mechanical work by pumping
machinery more than three times that required for the second
gas ; or, with identical pipe capacity, the pressures for the first
gas must be much higher, and the mechanical work of compres-
sion many times as great as for the second gas . In long-distance
transmission of gas, where the initial pressure would be some,
or many, atmospheres, this work of mechanical compression is
an item of importance.

The foregoing striking example is chosen simply for illustra-
tion . Naturally, the manufacture of such a gas as this pro-
ducer gas for long-distance distribution would not be attempted .
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MANUFACTURE OF ARTIFICIAL GASES .

11, the following is given a brief description of the methods
of manufacture of the various artificial gases shown in Tables
III and IV, and the general theoretical principles underlying
these methods : also illustrations of representative forms of
apparatus for the production of each of these gases .

Coal Gas.
This gas forms a very large portion of the entire commercial

supply of combustible gases, especially those distributed for sale
and use for illumination and other domestic purposes . " Coal
gas " proper is the product of destructive distillation of bitumi-
nous coals which contain " volatile combustible," or matter-
chiefly hydrocarbons-which can be driven off in the form of
vapor, and permanent gas, by the simple application of heat,
Other solid fuels shown-wood . peat, lignite-contain such vola-
tile combustible in greater or less amount, and can be similarly
treated, yielding a somewhat similar combustible gas, though,
as shown by the analysis, the quality of gas produced :a very
dependent on the kind of material used, the "volatile combusti-
ble " differing greatly in quality in the various materials .

Let us briefly consider the materials, since they affect the
quality of gas produced . In the formation by the processes of
nature of high-grade coals from the original vegetable substances
from which they are produced, there is a continual change of
chemical constituency, as will be seen by comparing the analyses,
beginning with peat and terminating with anthracite coal . The
most important is the gradual elimination of oxygen, this exist-
ing in high percentage in peat, lignite, etc., and practically dis-
appearing in anthracite coal . Also, hydrogen similarly decreases,
though much more slowly ; it remains in slightly diminished per-
centage in the hydrocarbons of the high volatile bituminous
coals, but it is present in only small amount in anthracite coal .

The effect of the constituency of the material which is used
upon the gas produced will be seen by comparison of the various
gases,-those from peat, lignite, and bituminous coal (see Anal-
yses y, 8, and 9) . The chief difference in quality of these gases
is caused by the different quantities of the oxygen content of the
respective materials . At the temperature of distillation and gasi-
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fication this oxygen unites with part of the carbon in the fuel
to form CO and CO2, the latter being formed in very heavy
quantity and passing off with the gas produced . This dilutes the
combustible gases, and being itself incombustible it lowers the
heating power and-flame temperature of the gas ; also, it very
seriously injures the luminous qualities of the gas . The removal
of the CO, by purification processes would be expensive ; it may
be removed by passing the gas through incandescent carbon, but
this will result in a destruction of the hydrocarbons . Further-
more, it will be observed that the low-grade materials contain a
large percentage of moisture, which will even remain in very
considerable quantity after the most thorough drying practi-
cally possible ; this is objectionable in the process of distillation .
Also, the coke formed is generally in very poor quality . These
facts prevent the use of these low-grade materials for coal gas
production ; the material generally employed is a high-grade,
high volatile bituminous coal, such as shown in Analysis \o . 3 .

In the practical distillation or " carbonization " of gas coal
this coal is enclosed, in masses (" charges ") of very considerable
voiunte; in some form of retort, and the exterior of the retort
subjected to heat . To obtain rapid work and thus effect economy
of carbonizing plant, the temperature of the exterior of the retort
is made much higher than the temperature required to be attained
by the material and the vapors for the distillation and gasifica-
tion ; the exterior of these retorts will ordinarily be from 2200°
to 2600° F., or even slightly higher, whereas, as earlier stated,
the best temperature to be attained by the distilled vapors for
gasification is 1300° F., or slightly higher . It is evident that the
heat necessary for the distillation of the interior of the " charge "
must be transmitted through the exterior of the charge, and the
gases evolved from the interior must, at least in part, and to an
extent depending upon the form of retort, pass off through the
exterior . Therefore, before the distillation in the interior can
be completed, the exterior of the charge and the retort adjacent
to it will have attained a very high temperature, and in the pas-
sage of the vapors and gas through this heated exterior there is
some destruction of hydrocarbons, with consequent lowering of
heating power and luminosity of the gas produced . Analysis No .
9 represents, however, the average quality of the gas produced
during the distillation of an entire charge ; the gas at the begin-
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ning of the distillation period will be very much richer, and that
at the end very much poorer, than this average. It is, further-
more, evident that even the lower grade coal shown in Analysis
No. 4 may be capable of yielding, in the early portion of its
carbonizing period, a gas of as good quality as that shown in
Analysis No . 9 ; the average gas produced during the entire
carbonizing period would, however, be of poorer quality .

Although not a subject for detailed consideration herein, a
few words may be added concerning the other substances,-
residuals or by-products and impurities,-formed in the manu-
facture of coal gas. The chief such substances and their deri-
vation are the following :

The carbon of the bituminous coal which is not capable of
being driven off in gaseous or vaporized form remains in the
retort, after the distillation is completed, as coke. The proxi-
mate analysis of fuel (see Table TI) is obtained by the distilla-
tion of only a small sample of coal, and, furthermore, this dis-
tillation is performed rapidly ; these conditions cause the vola-
tilization of a greater percentage of weight of the coal than is
obtained in the slower distillation of very large masses of the
coal in practical work . Hence, referring to Analysis No . 3 of
Table II, although the proximate analysis indicates that the yield
of coke should be 62 per cent . (fixed carbon plus ash) of the
weight of the coal, the coke remaining in actual practical work
would be about 68 per cent . ; this is caused in greater part by the
filtering out and decomposition of tars and heavy vapors in the
large masses of coal treated, and at the temperatures employed,
in practical work, the free carbon thus thrown down adding to
the volume of the coke ; also, the volatile matter will not be quite
completely expelled from the coal in-practice . The quality of the
coke will vary according to the coal used and the method of
carbonization . Even with coals of about the same grade ' in
other respects there may be very considerable difference in cok-
ing quality, and differences in fineness or freshness from the
mine also have an effect ; the density and firmness of coke will
in general increase with increase in internal pressure in the
charge of coal and the length of time of carbonization .

Of the total nitrogen contained' in the coal, as shown in the
analysis, a portion will remain in the coke after distillation . The
remainder, driven off with the gas, is in great part in the form
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of ammonia (NH.), either in the free condition or combined
with sulphur compounds and CO2 . It is recovered by proper
methods (the free NH 3 is easily recovered, for instance, by
simple absorption in water, i volume of water at 6o° F . absorb-
ing about 780 volumes ammonia) and sold, being a very valuable
by-product . A portion of the nitrogen coming off in the gas is
in the uncombined form. A small further portion of the nitro-
gen unites with carbon to form cyanogen and its compounds ;
these compounds, which are used in, for instance, the manu-
facture of Prussian blue, are in large works recovered and form
a by-product of some value . .

Of the sulphur contained in the original coal a very con-
siderable proportion remains in the coke . The remainder is
driven off in the gas in the form of various compounds . The
chief of these compounds are sulphuretted hydrogen (H 2 S) and
carbon bisulphide (CS 2 ) . The H 2S is formed in vastly the
greater amount, and, to prevent the contamination of the com-
bustion products . of the gas when burned, it must be removed
from the gas before distribution and use ; this is generally done
by passing the crude gas through hydrated oxide of iron . The
CS, is not thus easily removed ; a small portion is removed in
the foregoing passage through oxide, and, as the total quantity
formed from a coal reasonably free from sulphur is small, the
remainder is permitted to remain in the gas .

As has been before stated, a very considerable proportion of
the hydrocarbon vapors distilled from the coal are of such heavy
nature and of such slight degree of volatility that they cannot all
be carried by the permanent gases . These heavy vapors are
thrown down from the gas as soon as it cools to atmospheric
temperature, after leaving Ahe generating apparatus, and form
tar .

The quantities of gas and the by-products, which will be
obtained from one ton (2000 pounds) of coal of the quality
shown in Analysis No . 3, Table II, will be, in good practice, as
follows ; though these individual figures will vary somewhat
according to apparatus and other conditions :'

Gas	 10,500 cubic feet
Total coke	1300 to 1350 pounds
Ammonia	5 pounds
Tar	 12 gallons
Candle power (flat flame)	13.
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The quantity of fuel consumed in the carbonization of coal
will, in present general coal gas works practice, be about 300

pounds per 2000 pounds of coal carbonized, depending on kind
of apparatus and other conditions . The heat from this fuel
will pass away from the apparatus in various ways, and the
respective percentages dissipated through these various channels
will evidently vary according to the form of apparatus and its
operation. Some experiments have been made to ascertain the
division of this total heat expended ; one such experiment made, .
with much care, gave the following results . The form of
apparatus used in this case was the horizontal retort setting de-
scribed hereafter ; it was provided with external recuperators,
which probably somewhat increased the quantity of heat lost by
radiation .

Per cent .
In waste chimney gases ( I112 ° F.)	25.2
In sensible heat of coal gas (12o2 ° K)	13.8
In sensible heat of coke (1742 ° F.)	18 .5
Radiation, etc	 20.7
Latent heat of formation of gas, etc	210
Heat of discarded ash	 o 8

100.0

It is of interest to note that this experimenter, and others,
have carefully calculated from the analyses of the coal, and the
gas and other compounds distilled therefrom, the quantity of heat
required for the mere distillation of the volatile portion of the
coal, and also the quantity of heat which is developed by internal
reactions, during this distillation . While the different figures
do not exactly agree, they all indicate that the net external supply
of heat required is very small, or, in other words, the internal
reactions generate quite, or very nearly; enough heat for this
distillation . In the above itemized statement of heat losses is
included the heat required for this distillation (latent heat of
formation of gas, etc.), but this quantity of heat has already
been charged into the gross quantity of heat supplied on which
these percentages are based . The heat which requires to be
supplied by the consumption of fuel is, therefore, apparently
that represented by the above items of chimney gas waste,
sensible heat of the offgoing coal gas, sensible heat of the hot
coke . as discharged from the retorts, radiation, and heat con-
tained in the discarded ash .
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The following illustrations and notes describe very good
specimens of the various types of coal gas generating apparatus
used in practice .

The illustration below represents in elementary, but quite
complete, outline the apparatus employed for the distillation of
coal gas from coal, and its subsequent treatment to prepare it
for distribution. The raw coal is placed in the closed externally
heated fireclay retorts, and the coal gas is distilled . The ex-
hauster mechanically draws the gas from the retorts in order
to preserve the pressure within the retorts at, or very close to,
atmospheric pressure, and thus prevent possible leakage of gas .
The tar extractor removes the heaviest tar and oil, which is pre-
cipitated immediately on the issuing of the gas from the retorts.

FIG. 1 .

The condenser provides for further cooling and condensation of
oils into suspended drops . The washbox removes these oils .
The vertical scrubber and the rotary scrubber together effect the
removal of ammonia from the gas ; this is done by subjecting the
gas to thorough and lengthy contact with water at proper
temperature, which absorbs the ammonia . The purifier removes
the sulphur impurities-chiefly sulphuretted hydrogen (H 2S)-
from the gas ; as has been before stated, the material commonly
used for this purpose is hydrated oxide of iron, through layers
of which the gas is slowly passed, the sulphur compounds being
decomposed and the sulphur retained in the oxide . There are
other chemical reactions, to more limited extent, in these various
vessels . The gas is then measured in the meter, stored in the
holder, and thereafter delivered through the governor, which
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regulates pressure, to the street mains . In large works there
is frequently very considerable auxiliary apparatus designed for
the recovery of small percentages of by-products, such as cyano-
gen, and the manufacture of various individual products from
the oils, tars, and ammonia ; the apparatus shown, however,
represents the essential processes of manufacture of the gas .

'The further illustrations given will be only those of various
forms of retorts for the distillation of the gas . It is these re-
torts and settings which chiefly vary in coal gas manufacture,

rte . 2 .

Stop-end horizontal coal gas retorts and .setting .

and which are, therefore, of special interest to us ; the treatment
of the gas after distillation will be practically the same, what-
ever the form of retorts employed .

The above illustration shows-though not all assembled
as in actual construction (this assembling being shown in the
next illustration)-the various parts of a setting of " stop-end "
horizontal retorts such as are used in coal gas works . This
form, though of very much cruder construction, is that which
was used in the earliest manufacture of coal gas ; in the im-
proved form here shown and with greatly improved appurten-
ances, they are still in very extensive use .

Voc. CLXXVI, No. 7o5I-3
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The retorts (A) as shown are permanently closed at one end,
and consequently the coal must be introduced into, and the coke
withdrawn from, the same end of the retort ; formerly this work
was performed by hand, with shovel and rake, but modern plants
are equipped with very complete and satisfactory machinery for
the much cheaper mechanical execution of this work .

In the furnace, or "producer" (B), is consumed the solid
fuel (coke) used for heating the retorts ; for reasons given in
later remarks on producer gas, a small quantity of steam, or

FIG. 3 .

Through horizontal coal gas retorts and setting .

products of combustion, is generally admitted with the air supply
to this fuel bed to prevent excessive temperature, and conse-
quent trouble from clinker . Hot combustible producer gas
issues from the top of this fuel bed, which is led in a number of
divided streams into the arched space enclosing the retorts, is
there mixed with a supply of secondary air, and burned for the
heating of the retorts . Recuperators (C) are provided contain-
ing contiguous ducts for, respectively, the hot waste gases which
have heated the retorts and the incoming air for combustion ;
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the air and hot waste gases have counterflow, and the sensible
heat of the waste gases is, in great part, imparted to, and pre-
heats, the air . In general present practice it is only the second-
ary air, or that which is to be supplied to the retort chamber for
the combustion of the producer gas, which is heated, the preheat-
ing of the primary air for supply to the fuel bed having ob-
jectionable features .

The distilled gas, after issuing from the retorts, is carried
into the "hydraulic main " (D) by the "standpipe" (F), the
end of which pipe is lightly sealed in liquor in the hydraulic
main ; this prevents the return of gas from the gas mains back
into the retort when the latter must be opened for charging or
discharging .

The material employed for the construction of these retorts,
their combustion chambers, recuperators, and setting, is fire-
brick . Furthermore, to avoid melting or distortion of these
parts under the high temperatures employed and the breakage
of retorts, this fire-brick must be very refractory to heat, strong,
and the most careful attention must be given to its proper burn-
ing before installation .

Fig. 3 shows a complete section of another form of hori-
zontal retort and setting-the " through " retort . This form is
corning into extensive modern use .

As is seen, this retort has a removable door at each end .
This permits greater freedom in charging and discharging opera-
tions ; instead of the coke being raked out of the same end of
the retort at which is stationed the coke-removing device, a ram
can be introduced into one end of the retort and the coke pushed .
out from the other end . It is also possible by this "through"
construction of retort to charge the retort more fully with coal
than is the case with the " stop-end " form ; in the latter, space
must be left for the insertion of the coke-drawing device, which
is not necessary where the coke is pushed from the "through"
retort . This more complete filling of the retort leaves less free
space, and consequently hastens the exit of gas, which gives less
liability to decomposition of hydrocarbons and also ammonia .

As shown, this form of retort is provided with a " stand-
pipe" for the removal of gas at each end of the retort .

Observe the arrangement for dropping hot coke from the
retort directly into the producer .
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This setting is, of course, provided with recuperators for the
preheating of air by the waste combustion gases, the same as
shown in the above "stop-end" retort setting .

In modern construction these retorts are 21 feet long, con-
tain a maximum charge of 1400 pounds of coal, and the length

ntc; . 4 .

Vertical retorts and setting . The United Gas Improvement Co .

of time for distillation or carbonizing of such charge is about
seven hours .

The above illustration shows a setting of vertical retorts .
Although retorts of such vertical form have for many years
been employed for the distillation of an oil-containing rock, or
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"shale," it is only within recent years that it has been employed
for the distillation of coal and production of coal gas .

The advantage of this form of retort is that it permits
charging of coal and discharging of coke by gravity, thus greatly
lessening the labor cost for these operations which exists in
horizontal form of retorts . Another advantage is that the plant
occupies much less ground area for a given capacity than is the
case with horizontals . Also, because of the greater depth of the
charge of coal and the slower distillation, the coke produced is
of excellent quality-dense, firm and suitable for metallurgical
operations-and also contains less fine material, or " breeze,"
which is of much less value than the larger coke .

A noteworthy feature of this form of retort, as compared
with the horizontal forms above shown. is that the entire cross-
section of the retort is filled with coal . This leaves no, or very
little, free space between the coal and sides of the retort . Con-
sequently, gas is distilled at the surface of the coal and, in great
part, flows inward toward the cooler interior of the charge, rises
through it to the top of the retort, and is discharged . There is,
therefore, less danger than in the horizontal form of decomposing
of the hydrocarbons of the gas by contact with the very hot
sides of the retort . Indeed, in this particular system an empty
heated space, as shown, is left above the top of the charge of
coal, through which the gas flows slowly and is subjected to
additional heat for its more complete gasification .

The gravity charging and discharging feature of vertical
retorts makes possible continuous charging and discharging,
fresh coal being continuously fed to the top of the retort and
coke continuously withdrawn from its botto,n ; such continuous
retorts are now in practical use . though as yet to limited ex-
tent. The retort shown in our illustration, however, is not thus
continuously acting, the entire retort being charged with coal,
and emptied of coke, at fixed intervals .

In most recent construction these retorts are about r8 feet
in length. and receive from 1000 to 1700 pounds of coal per
charge . The time required for the distillation, or "carboniza-
tion," of this charge is from nine to twelve hours . The empty
space above the coal is about 4 feet in length .

This form of retort furnishes not only, as above stated, an
excellent grade of coke, but also an excellent quality and large
quantity of gas .
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FIG. 5 .

Kopper coke oven .

FIG . 6 .

Kopper coke oven .
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The desire for coke-producing apparatus which should be
more economical in respect to recovery of the by-products-
gas, ammonia, tar, etc .-than the old bee-hive oven has led to
the development and the very extensive modern use of the " by-
product " coke oven. The gas produced from these ovens is
becoming increasingly important for use in industrial purposes,
and even in part for distribution, for general public use, by gas
companies .

These ovens are designed primarily for the production of a
superior grade of coke suitable for metallurgical purposes, etc .
Consequently, the grade of coal chosen for use and the method
of operation are generally such as to produce this best grade of
coke ; the gas is a by-product and is a secondary consideration .
In ninny cases only the richest portion of the gas, which is that
given off during the earlier portion of the carbonizing period,
is sold for public supply, the remainder of the gas being used for
the heating of the retorts. It is possible, however, with a good
grade of coal and careful operation, to produce a total gas of
very fair quality .

These ovens are generally installed in very large capacity,
and require heavy machinery and appurtenances. They are not
generally suitable for tile use of moderate-sized gas works for
the production of coal gas ; furthermore, the quality of gas is
not under such thorough control as in the above-described smaller
forms of retort, and is in general somewhat inferior . For gas
works use the above-described horizontal or vertical form of
retort is preferable .

Figs. 5 and 6 represent models of one of the most modern
by-product ovens . These models do not show the hydraulic
mains, piping and machinery required for operation ; they
show very clearly, however, the construction of the retorts
themselves, and as these are the things of chief interest to us
these views are very satisfactory . :1n illustration of a complete
oven. though of different design, is shown below .

The first view shows a section through the retort proper (A)
and through the fire-brick recuperators (B) ; the second view
shows a section through the flues (C) contiguous to the walls of
the retorts, which carry the hot gases which heat the retorts .

The fresh coal is charged, by gravity, through the openings
shown at the top of the retorts . The coke remaining after
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carbonization is pushed out horizontally by a powerful ram,
there being scaled doors at the ends of the retort which are
opened for this purpose .

In modern construction these retorts are 18% to 21 inches
(taper) wide, i t feet high, and 39 feet long, and contain a charge
of about 13 tons of coal ; this large scale handling of materials
is, of course, favorable to economy of labor . The length of
time required for distilling or "carbonizing" a charge is with
this size of retort from eighteen to thirty hours .

FIG 7 .

United-Otto system coke aver .

By-product oven retorts are generally provided with two gas
exits and sets of piping ; this permits the separate withdrawal,
if desired, of the rich gas at the beginning of distillation and the
poorer gas at the close of the distillation . As above stated, the
poorer gas is frequently used for the heating of the retorts ;
where it is desired to otherwise dispose of this gas, however,
these ovens are provided with producers for the combustion of
solid fuel, as in the case of the above-described horizontaland
vertical coal gas retorts, and the heating of the retorts is done
by this producer gas .
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Fig. 7 shows a complete installation of these coke ovens,

though of somewhat different design from the models shown
in the previous illustrations. Little explanation of this con-

struction is required . On the left is the coal elevator deliver-

ing coal from the railway car to the storage bin above the retorts,
whence it is fed into the charging hoppers and thence into the

FIG . 8 .

Carburetted water gas apparatus. The United Gas Improve Co .

3I

retorts. Beneath the retorts are shown the checker-brick filled
recuperators . which absorb the sensible heat of the waste products
of combustion, and return this heat to the incoming air supply
for combustion. On the left is seen the movable structure carry-
ing the ram which pushes the coke from the retorts ; this coke
is received and cooled on the movable platform at the right, and
thence discharged into cars .

Water Gas-Uncarburetted and ('arburetted .

The above illustration shows a standard form of apparatus
for the manufacture of carburetted luminous flame water gas.
Since, in this process, one part of the operation is the production
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of uncarburetted, or plain " blue," water gas, the production of
both kinds can be considered together.

The generating apparatus proper consists of three steel shells,
called, respectively, the generator (A), carburetter (B), and
superheater (C), all lined with fire-brick, and the carburetter
and superheater filled with fire-brick laid in " checker " form so
as to be easily traversable by gases . The generator contains a
bed of fuel-anthracite coal or coke-of, generally. from 5 to
7 feet in depth . (The succeeding vessels -scrubber and con-
denser-are simply for the cooling of the gas and the extraction
of tars, etc.)

The operation of this apparatus is intermittent, or in cycles,
consisting of two parts-first, the heating operation or " blow,"
and, second, the gas-making operation or " run." Briefly, the
description of these operations is as follows :

In the blow, forced blast is supplied to the fuel bed for its
heating . As stated in remarks tinder Table I (see also remarks
hereafter on producer gas), the combustion gases issuing from
the top of the fuel bed will contain both CO, and CO, the latter
continually increasing in percentage as the temperature of the
fuel bed rises during the blow . These combustion gases are led
to the top of the second vessel, the carburetter, and here a
secondary supply of air is admitted for the combustion of the
CO. The combustion gases pass through the checker-brick in the
carburetter and superheater, heating them, and the products of
combustion are finally discharged at the outlet of the super-
heater . By proper adjustment of the time and intensity of
blasting, the proper heating of the bed of fuel and the proper
heating of the checker-brick are simultaneously completed with-
out the loss of any unburned gases from the superheater outlet .
When the heating operation is properly completed the tempera-
ture of the checker-brick will range from 2000° or 2200° F. at
the top of the carburettor to about 1350° F . at the outlet of the
superheater . Blast is then shut off, the apparatus is, by proper
valves, sealed front the atmosphere, and the second part of the
cycle-the production of gas or " run "-is begun .

In the run steam is admitted to the bottom of the generator
fuel bed, rises through the bed, and, as stated in remarks under
Table I, is decomposed by the incandescent fuel, forming a
mixture consisting almost entirely of hydrogen and carbon
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monoxide, called uncarburetted or "blue," water gas (see Anal-
ysis No . 12) . This gas passes to the top of the carburetter, and
there receives a stream of injected oil . The oil is vaporized by
the hot checker-brick, its vapor mingles with the water gas, and
the mixture passes through the succeeding checker-brick in the
superheater . In this passage the oil vapors are, as explained in
remarks under Table I on destructive distillation, chemically
changed and converted into other hydrocarbons, chiefly those
which are permanent gases . (Note that the foregoing tempera-
ture of 2200° at the top of the carburetter would be sufficient to
largely decompose and destroy the oil were it not that the
absorption of heat in the vaporization of the liquid oil prevents
this .) The gas then passes from this generating apparatus into
the subsequent apparatus for the removal of tars, purification,
etc . This production of gas is, of course, a heat-absorbing proc-
ess, this heat supply being required for the decomposition of
the steam (see remarks on hydrogen under Table I), the vapori-
zation and destructive distillation of the oil, and the heating of
these gases to the temperature of discharge at the superheater
outlet .

In making the " run " it is found advantageous to alternate
the direction of flow of steam and gas through the fire, the steam
being admitted for a portion of the time at the top of the fire,
and during the remainder of the time at the bottom . This system
gives much better control of the temperature of the fuel bed :
the flow of hot gas down through the bottom of the fuel bed
preheats the fuel, making it more readily ignited by the succeed-
ing blast, which results in an economy of fuel . The construc-
tion of the apparatus shown is such as to permit of this, there
being an exit for gas from both the bottom and the top of the
generator .

Analysis No . I3 is typical of the finished carhuretted water
gas . The composition of the gas (percentage of hydrocarbons,
etc.) and its calorific power and illuminating power can, of
course, be varied by varying the quantity of oil used .

The kind of fuel required for this water gas manufacture is
one-anthracite coal or coke-containing very little volatile
matter . If much volatile matter be present, as in bituminous
coal, the heat absorption required for the distillation of this
volatile matter will tend to keep the temperature of the fuel below
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the point at which combustion can take place and steam can be
successfully decomposed ; also, the efflux of gas formed from
the volatile matter must tend to prevent the contact of steam
with the fuel, thus further preventing the decomposition of the
steam. Though bituminous coal has, to slight extent, been used
in water gas generators, its conversion into coke, after being
charged upon the fuel bed, must be completed before it will
successfully effect the decomposition of steam ; this slow process
has prevented its successful use for water gas manufacture.

Producer Gas.
The use of this gas is so common and the theory of its pro-

duction so simple that little explanation of the subject is neces-
sary . There are, however, a few points worthy of brief attention .

As is stated in remarks under Table I, if air be supplied for
the combustion of a bed of solid fuel, the products of combus-
tion will generally contain both CO2 and CO, the former de-
creasing and the latter increasing, in percentage with increase
in temperature of the fuel bed . Starting with a moderately hot
fuel bed and maintaining, for instance, a constant air supply,
the temperature of the fuel will continually rise . As it does so,
the percentage of CO formed increases, and, from the heats of
formation of CO, and CO (see Table I), it is evident that the
heat generated by the constant air supply will decrease until
finally a state of equilibrium is reached, the sensible heat of the
producer gas issuing from the fuel bed equalling (neglecting the
incidental losses by heat radiation . etc.) the heat generated by the
combustion in the fuel bed ; this prevents any further rise of the
fuel bed temperature . In the remarks on carbon monoxide under
Table I it was stated that in the combustion of pure dry carbon
with dry air, both supplied at 60° F ., and with exceedingly slow
flow of air and gas, giving time for complete chemical equilib-
rium, the temperature of gas and fuel bed will he about 2250 °
F., and practically no CO 2 will he formed, but only CO . In
practical work the conditions and results will not be such ; they
are modified as follows. The rate of flow of air and gas must
be quite rapid, and, with the large interstices and irregularities
existing in the fuel bed, the gas and air will not come into such
contact with the fuel that chemical equilibrium can become com-
plete for the temperature, which will mean the formation of less
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CO and more CO 2 , and this will, in turn, mean higher tempera-
ture of both fuel bed and gas ; also, there will be a slight heat-
recuperating action of the fresh fuel as it heats and descends into
the producer, this tending to increase the temperature in the
hottest belt of the fuel bed . On the other hand, the fuel practi-
cally used will contain some mechanically-held moisture and some
volatile matter, and the evaporation and distillation of these and
the heating of their vapors will absorb heat ; also, there is un-
avoidable loss of heat by radiation, etc . ; also, ash exists and must
be heated ; these actions tend to lower the temperature of fuel
and gas. With dry and good fuel the net effect of all the fore-
going actions would be to produce a temperature in the hottest
part of the fuel bed higher than the foregoing 2250° F. It is
undesirable, however, that the fuel bed and gas shall attain so
high a temperature for the following reasons ; it will generally
melt ash so as to form troublesome clinker in the fuel bed ;
also, if the use of the gas is such that it must be cooled and puri-
fied before burning, its high temperature means much more heat
wasted, or recovered with added expense. Instead, therefore,
of permitting so high a temperature of fuel bed and the carrying
away of so much sensible heat in the issuing gas, a portion of
this heat is utilized for the production of additional combustible
gas ; the method generally adopted is one of the following two :

I_ Steam is admitted, mixed with the air supply, to the fuel
bed and is decomposed, producing " blue " water gas mixed with
the_ producer gas proper . The reactions, and the cooling effect
upon the fuel bed and gas, are indicated in remarks on hydrogen
under Table I .

2. Products of complete combustion of carbon (nitrogen and
CO2 ) are returned, mixed with the air supply, to the fuel bed .
A portion of the CO 2 is decomposed by the hot fuel, forming
CO, each one volume of CO 2 decomposed yielding two volumes
of CO, which means that for each one pound of carbon contained
in CO2 which is actually decomposed by the fire two pounds of
carbon (or an additional pound) will be carried away from the
fuel bed . From Table I it will be seen that the decomposition
of the CO 2 containing one pound of carbon will absorb 14,544
B .T.U. 's, while the formation of the resulting CO containing
two pounds of carbon will evolve only 8700 B.T.U.'s ; there is,
therefore, a strong cooling action on the fire, which will be
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dincreased if, as is generally the case, the products of combustion
returned to the lire are of a somewhat low temperature . This
method has the superiority to the foregoing steam admission
method that the products of combustion used can be those
formed from the producer gas itself when burned in engines,
furnaces, etc., and can thus be circulated indefinitely, whereas
in the foregoing process of simple admission of steam to the
fuel bed this steam must finally be discharged to the atmosphere
(in waste products of combustion), and its sensible heat and
latent heat of evaporation thus wasted . This process yields a
producer gas which is considerably diluted, and which will have,
when burned, from either a hot or cold condition, a lower flame
temperature. This last fact is in some cases an advantage ; for
instance, in furnaces it yields a more uniform, even though
lower, temperature, and thus avoids possible danger to brick-
work, etc .

Because of its heavy dilution with incombustible nitrogen,
cold producer gas, when burned, gives a lower flame temperature
than coal gas or carburetted or uncarburetted water gas (see
remarks on flame temperature) ; also, its flame is more easily
extinguishable, or is more " tender " ; also, because of its low
calorific power and its heavy weight, it is more expensive to
distribute. These facts cause its use to be generally confined to
the locality of its generation, and it is, moreover, preferable,
where its use will permit, both for heat economy and to permit
of its giving a high flame temperature, that it be burned in its
heated condition as it issues from the generating fuel bed ; for
such use as for gas engines, which is exceedingly extensive, it
must, however, be used cold.

The fuels used for the manufacture of producer gas can be
any of the solid fuels shown in Table II : large quantities of even
lignite and peat are used in certain localities, though it is generally
preferable to use a good grade of bituminous or anthracite coal .
The foregoing fully explains the formation of gas where anthra-
cite coal or coke is used. Where bituminous material is used
the volatile combustible is driven off by the heat of the fire, and
then the production of the producer gas proper from the result-
ing coke takes place . If the distilled hydrocarbons, etc ., from
the volatile combustible be removed (mixed with the producer
gas proper) from the producer without excessive heating and
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consequent decomposition, it will give a gas of materially greater
heating power, of higher flame temperature, and which is capable,

PIG . 9 .
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Hughes producer .

because of the presence of the hydrocarbons, of being burned
with a somewhat luminous flame of greater heat radiating power,
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which is desirable in some furnace uses ; also, such treatment of
the distilled and volatile matter renders possible the recovery of
tar and ammonia, which are protected from destruction by ex-
cessive heating . This object, if desired, is attained by the re-
moval of the distilled gases from the producer close to the point
where the coal is charged . If, however, the foregoing is not
desired, the design of the producer is such that the hydrocarbons,
etc., distilled from the volatile matter of the coal are caused to
pass through the highly heated portion of the fuel bed, and are
thus broken up by excessive heat more nearly into their elements,
carbon and hydrogen ; this converts the heavy vapors, which
would otherwise be deposited as tar, in great part into fixed
gases, and this greater freedom from tar and vapors is an
advantage in some cases .

The above illustration represents a producer, suitable for
the use of bituminous fuel, and of the form alluded to in the
above general remarks, in which the hot producer gas proper
passes off through the top of the fire, assisting in the distillation
or carbonization of the bituminous fuel, and carrying this dis-
tilled gas directly from the producer without its further de-
composition by heat .

The cover (AA) of the producer is stationary . The body
of the producer (BB), together with the fuel bed, is continuously
rotated by the mechanism shown .

Bituminous fuel will generally, on being heated, melt or
assume a plastic condition, which will interfere with the flow
of the air and producer gas . In this producer provision is made
for the continual breaking up of this plastic coal, and also the
agitation of the general fuel bed and the working down of ash
to the bottom. This is effected by means of the long arm shown,
which projects down from the stationary cover into the fuel
bed . This arm continually rocks back and forth, and as the
body of the producer with the fuel bed is rotated there is thus
produced a continual breaking up of the fuel .

The air and steam supply for the fuel bed are forced into its
bottom through the vertical tuyere (C) shown . By means of
the annular opening at the base of the producer, which contains
a water seal for the prevention of communication with the
atmosphere, the ash can he removed as desired .
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Fig_ to shows another form of producer suitable for the use
of b:twninons fuel. In this form, however, provision is made
for the exposure of the gases distilled from the bituminous coal
to a higher degree of heat, thus more thoroughly gasifying the
heap a vapors and tars .

F1c . 1o,

Westir,house double zo e producer .

The coal is charged upon the top of the fuel bed. The air
supply for the combustion of the fuel is admitted in two parts,
one over the top of the fuel bed and the other through the tuyere
at its base. The air supplied to the top of the fuel bed produces
a partial combustion suffcient to supply heat for the carboniza-
tion, or coking, of the coal, the coke thus formed then descend-
ing and its combustion being completed in the lower part of the
producer. The producer gas with its contained vapors distilled
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from the coal, from the top of the fire passes downward through
the hot fuel and is removed through the pipe (A) at the middle
of the height of the producer : the producer gas formed at the
bottom of the fire rises and is discharged through this same pipe .

This producer is of the " suction " type, the producer gas
being drawn off by an exhauster, and this suction draws in the
air supply for combustion through the inlet (B) . By means of
the valves (CC) shown the total air supply for the producer is
divided between the top and the base in any desired proportion .

The air supply, before its admission to the fuel bed, is
passed over water which is used for cooling the producer head,
and also over the water contained in the annular ring (DD) at
the middle of the height of the producer, which latter is heated
by the waste heat of the off going producer gas ; the incoming air
is thus charged with the water vapor necessary for supply to the
fuel bed .

The water-sealed opening at the bottom of the producer per-
mits of the removal of ash as desired .

The breaking up of the plastic fuel, working down of the fuel
bed, etc., is, in this producer, effected by hand stoking . Stoking
holes are provided for this purpose in the head of the producer
and also at various points in the ring DD, which afford ready
access to all points of the fuel bed .

Oil Gases .
The method most generally employed for the production of

gas from oil is that of simple destructive distillation. In this
process the oil is introduced into a closed vessel or retort and
subjected to heat . A temperature of 700° or 800° F. will, in
general, suffice for the practically complete vaporization of even
heavy crude oils. As explained under Table T, however, these
vapors would, if subjected to atmospheric pressure and tempera-
ture, immediately recondense to the liquid form. They are,
therefore, subjected to a still higher heat to transform them into
permanent gases . It is very generally desired to thus produce
an oil gas which shall have both high heating power per cubic
foot, and also high illuminating power . Analysis No . t i repre-
sents such a pure oil gas, and this is also approximately the
quality of oil gas which. mixed with uncarhuretted, or " blue,"
water gas, is produced in the manufacture of illuminating car-
buretted water gas (see Analysis No . 13) ; the temperature which
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the oil vapors must attain for such gasification is about 1300 to
1400° F. Under higher temperature of gasification than the
foregoing there is further decomposition of these oil vapors into
their constituents, free carbon and free hydrogen . Analysis No .
io is that of an oil gas (intended for balloon inflation) formed by
passing the oil vapors through a very hot bed of incandescent
carbon (coke) ; it will be observed that there has taken place
very great decomposition of the hydrocarbons into free carbon
and hydrogen, the heavy vapors (illuminants) having been
practically all destroyed, and the resulting gas being of very
feeble luminosity. It is, in general, impossible to convert all of
the oil into a mixture of permanent gases and vapors capable of
transportation ; a considerable portion of the vapors will be so
heavy that they are incapable of carriage even when heavily
diluted with permanent gases, and these vapors, mixed with free
carbon, will be thrown down at the outlet from the generating
apparatus in the form of tar .

A very considerable quantity of gas is also manufactured by
mixing the oil vapors with steam in the foregoing destructive
distillation process . At the temperature of gasification of these
vapors, some of this steam will undergo decomposition by the
portion of free carbon liberated from the oil gas, and there will
thus be formed a mixture of oil gas and uncarburetted water gas .

With the kinds and uses of oil gas you are probably all pretty
familiar. Large quantities of oil gas, of the quality represented
by Analysis No. u, are manufactured, compressed into portable
reservoirs, and used for car, etc ., lighting ; this gas endures the
high degree of compression employed in this use (15 atmos-
pheres even) without serious loss of volume, heating power, or
luminous power . Very considerable quantities of oil gas are
manufactured, by the process indicated in the preceding para-
graph, from the very heavy crude oils of the West, and used for
public gas supply . Another interesting modern form of oil gas
supply is to compress a gas of the general quality shown by
Analysis No. ii under a pressure of about ion atmospheres,
thereby liquefy roughly one-half of it, and deliver this liquid
product in strong steel capsules for domestic use ; on releasing
this liquid, in whatever quantity is desired, from the capsule it is
so volatile that it at once reassumes the gaseous form ready for
use ; there is thus obtained from the portable liquid gas of high
heating power at any burner pressure desired .
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